The fiz genes of Myxococcus xanthus are necessary for proper aggregation of cells to form fruiting bodies. Mutations in the frz genes affect the frequency with which individual cells reverse their direction of movement. We have subdoned and determined the nucleotide sequence of three of theft genes. From the sequence we predict three open reading frames corresponding to frzA, fizB, and frzCD. The putative FrzA protein (17,094 Da) exhibits 28.1% amino acid identity with the CheW protein ofSalmonella typhimurium. The putative FrzCD protein (43,571 Da) contains a region of about 250 amino acids which is similar to the C-terminal portions of the methyl-accepting chemotaxis receptor proteins of the enteric bacteria. FrzCD also contains a region with potentially significant similarity to the DNA-binding region of the Bacillus subtilis o43. The putative FrzB protein (12,066 Da) shares no significant identity with known chemotaxis proteins. The sequence similarities between the putative Frz proteins and the chemotaxis proteins ofthe enteric bacteria strongly support the hypothesis that the ftz genes define a system of signal transduction analogous to the enterobacterial chemotaxis systems.
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Myxococcus xanthus is a Gram-negative bacterium that moves by gliding on a solid surface (1) . The mechanism responsible for gliding motility is unknown, but the cells do not have flagella. Cells aggregate to form fruiting bodies when the available food source is depleted. Within the fruiting bodies the cells develop into metabolically dormant myxospores.
"Frizzy" (frz) mutants of M. xanthus aggregate into tangled filaments but fail to assemble into fruiting bodies (2) . The frz mutations map to 5 complementation groups (frzA, -B, -C, -E, and -F) and are recessive to the wild-type alleles (3) . Mutations in the closely linkedfrzD region are dominant and are not phenotypically frizzy. frzD mutants form nonspreading colonies although individual cells are motile. frzC and frzD are thought to define a single gene from the effect of mutations infrzD on thefrzC gene product in Escherichia coli maxicells (4) .
Mutations in the frz genes alter the gliding behavior of individual cells (5 that the frz genes define a system of signal transduction analogous to that involved in enterobacterial chemotaxis.
MATERIALS AND METHODS
The frz genes were subcloned from pBB12 (3). Deletions were generated by exonuclease III digestion to allow sequencing of both strands (7) . The nucleotide sequence was determined with Sequenase by the recommended procedures (United States Biochemical) except that 40%o (wt/vol) formamide was incorporated in all of the gels. To sequence the sites of insertion of the TnS mutations we used a synthetic oligonucleotide primer homologous to the TnS sequence and plasmid DNA in which one end of the TnS had been deleted. DNA and protein sequences were analyzed with the Intelligenetics programs.
RESULTS AND DISCUSSION Nucleotide Sequence of thefrzA, -B, and -CD Regions. The frz genes are contained on a 7.5-kilobase-pair (kbp) DNA fragment (Fig. 1) . The direction of transcription of the genes that have been examined (frzA, -C, -E, and -F) is from left to right in this figure (4) . We subcloned and sequenced the 2.5-kbp region between the Xho I site and the Pvu II site. This DNA encodes three complementation activities, frzA, frzB, and frzCD. From the nucleotide sequence (Fig. 2) 1083 GTG TGG GTG GAA GAG GGG GGG AGG GTG TTG GTG ATG GAT GTG GTG GAA AGG GGA AGG AGT GAA GGA AGG, GAG TGA GAGAG ATG TGG GTG 10 20 30 Asp Thr Pro Asn Giu Lys Pro Ala Gly Lys Ala Arg Ala Arg Lys Ala Pro Ala Ser Lys Ala Gly Ala Thr Asn Ala Ala Ser Thr Ser 1152 GAG AGG GGG AAG GAG AAG GGG GGT GGG AAG GGT GGG GGG GGG AAG GGG GGG GGG TGG AAG GGG GGG GGG AGG AAG GGG GGG TGG AGG TGT Gly Val Giu Leu Ala His Leu Leu Asn Gin Val Leu Asp Gin Phe Ala Ala Ser Giu His Arg Lys His Val Ala Ala Gin Giu Ilie Asp 1332 GGG GTG GAG GTG GGG GAG GTG GTG AAG GAG GTG GTG GAG GAG TTG GGG GGG TGG GAG GAG GGG AAG GAT GTG GGG GGG GAG GAG (Fig. 2) . The putative FrzA protein shares considerable sequence similarity with CheW of Salmonella typhimurium (13) (Fig. 3) . The FrzA sequence contains 45 identical residues (28.1% amino acid identity over the entire FrzA sequence). The striking similarity between FrzA and CheW suggests that they are of common evolutionary origin and perform similar functions in directing cell
movement.
The proposedfrzCD open reading frame (Fig. 2) (14) (15) (16) (Fig. 4) Proc. Natl. Acad. Sci. USA 86 (1989) Proc. Natl. Acad. Sci. USA 86 (1989) 427 FrzCD does not contain any regions similar to the periplasmic domains of the MCPs. Analyses of the amino acid sequences of the MCPs predict two extended hydrophobic regions that anchor the proteins in the cytoplasmic membrane (14) . There are no similar predicted hydrophobic regions of FrzCD. We do not know where the FrzCD protein is localized in the cell. FrzCD might interact with membrane proteins to form a connection between the periplasm and the cell interior. Alternatively, FrzCD might be a soluble protein that responds to some change within the cell. It has recently been reported that a cytoplasmic fragment of Tar retains the ability to respond to internal stimuli such as a change in the internal pH (20) .
Mutants of enteric bacteria containing MCPs truncated near the C terminus often result in a dominant phenotype in which the cells are biased towards tumbling or smooth swimming (21) . TnS we noted a fifth potential methylation site (from position 370-375; Fig. 4 ). This sequence, which was not aligned with the Tar methylation sites, conforms well with the enterobacterial consensus sequence for methylatable sites.
